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The development of molecule sensors is important not only in the medical region but also for national security, 
forensic industries, and environmental monitoring. In order to solve the problem in the fluorescent marker 
method which is the conventional detection method with labeling, an electric detection method using a field-
effect transistor (FET) sensor attracts much attention. Since MoS2 [1, 2] which consist of 2D stacked layers 
are held together by relatively weak van der Waals forces, it is possible to obtain atomically thin films with 
pristine interfaces, a monolayer of MoS2 being only around 0.65 nm thick. Physical properties of MoS2 which 
has a large specific surface area are sensitive to changes in the surface condition. It should be noted that since 
MoS2 is a semiconductor, which is different from graphene, it can be expected to exhibit very high sensitivity 
by the nonlinear characteristics of the semiconductor and suppress the leakage current due to the band gap. 
This work is basically to understand the interaction between MoS2 and molecules and lead to sensor application. 
 
Chapter 1. Recent Application Study of MoS2 in Sensor 
I reviewed some representative previous reports of MoS2-FET based sensor and present the usefulness of this 
work. 
 
Chapter 2. Fabrication and Characteristics of MoS2-FET 
I show the fabrication processes of MoS2-FET and explain the fundamentals of operation and characteristics 
of the fabricated MoS2-FET by fabricated device. 
 
Chapter 3. Charge transfer and Field effect by adsorbed molecules 
MoS2-FET based sensors have high sensitivity and high accuracy by observing changes in electrical 
characteristics due to charge transfer. In this work, I found that the mechanism to change the electrical 
characteristics is the dipole effect from FET properties which were obtained in-situ during dopamine 
adsorption. The redox potential of dopamine which is reported by Liu et al. [3] is 0.618 which is higher than 
that of the conduction band minimum of MoS2 and close to TCNQ. Change of electrical properties obtained 
for dopamine molecules didn’t follow that originally pridicted from the relation of redox potential and shows 
opposite behavior, despite the change in TCNQ adsorption. Moreover, molecular charge induced by charge 
transfer should limit the electron mobility of MoS2 as coulomb scattering center, but there was no change in 
mobility. I explained this different behavior of electrical properties with charge transfer by field-effect of dipole 
which is proposed in Lopez et al. [4]. The obtained data can be explained well using the dipole mechanism. 
 
Figure 1.  (a) Illustration of in-situ measurement system and (b and c) obtained electrical characteristics. 
 
Chapter 4. Adsorption and desorption of Chlorine 
I report a precise measurement of the change of electric properties of MoS2-FET upon an exposure 
of the channel part to Cl2 gas using surface science analysis techniques in situ under UHV condition. 
From the thermal desorption spectroscopy (TDS) measurement and DFT calculations, I assigned the 
adsorbates to the Cl atoms which are dissociated from Cl2 molecules. Judging from the monotonic 
shift of property with the coverage, I conclude that the MoS2 sensor has a high sensitivity to detect 
10-3 ML of adsorption. 
 
 
Figure2. (a) Illustration of in-situ measurement system and (b and c) obtained electrical characteristics. 
 
Chapter 5. Operation under the fluids and low concentration detection 
Most of cases, the device which is used as a biosensor should operate in the solution or under the its 
fluids. Here I report the operation of MoS2-FET based sensor under the fluids using micro-fluidic 
channel (Figure 3a) and demonstration of detection in NaCl solution of ultra-low concentration. From 
this experiment, I found the electrical property changes in water flow condition (Figure 3b) and nano-
molar level of NaCl solution (Figure 3c).  
 
 
Figure3. (a) Illustration of in-situ measurement system and (b and c) obtained electrical characteristics. 
